Abstract: the rock agama, Laudakia caucasia Eichwald (Agamidae) is host to Plasmodium caucasica sp. n. and Saurocytozoon agamidorum sp. n. in western Pakistan. Plasmodium caucasica is characterized by very large meronts, 11-21 by 8-17 µm that produce 32-67 merozoites, which nearly fill the host erythrocyte, and smaller, ovoid to elongate gametocytes, 6-14 by 2.5-6 µm, with length by width (lW) 21-55 µm 2 , and l/W ratio 1.0-4.0. Host cells are usually mature erythrocytes. in Azerbaijan, P. caucasica parasitizes immature erythroid cells. Dimensions of meronts are 10-16 by 6-12 µm, and merozoite numbers are 12-44. gametocytes are 6-14 by 3-6 µm, with lW 31-56 µm 2 , and l/W ratio 1.0-4.0. Saurocytozoon agamidorum sp. n. gametocytes are 6.5-13 µm in diameter, with lW 35-79 µm 2 , and l/W ratio 1.0-2.2. they occupy lymphocytes as host cells, which are greatly distorted by gametocyte presence and often show nuclei nearly divided into two portions, one portion at each end of the cell. Haemocystidium grahami (shortt, 1922), redescribed from material found in L. caucasia from Azerbaijan, has rounded to elongate gametocytes, 8-19.5 by 4-8 µm, lW 60.5-102 µm 2 , and l/W ratio 1.0-4.5. the prominent light golden pigment granules often coalesce to nearly cover the surface of the gametocyte. the presence of P. caucasica and S. agamidorum extends the range of the two genera in saurian hosts throughout much of the southern Asia mainland.
in contrast to hemogregarines, which are the characteristic and most common hemoparasites of snakes (telford et al. 2012) , plasmodiid species of lizards (species of genera Plasmodium Marchiafava et celli, 1885; Haemocystidium castellani et Willey, 1904; Saurocytozoon lainson et shaw, 1969; Fallisia lainson, landau et shaw, 1974) in most geographic areas greatly exceed hemogregarines in prevalence and diversity. twelve extensive surveys of lizard communities by the author from North, Middle and south America, Eastern, southeastern and southern Asia, and East Africa from (see  table 1 ) found plasmodiid infections to be > 4 times the abundance of hemogregarines, and saurian species to be infected 1.7 times greater, overall.
the only area in which plasmodiids seemed to be absent was southern california. An adequate sample of 116 Sceloporus occidentalis Baird et girard were negative for Plasmodium mexicanum thompson et Huff, 1944 . in northern california, the sample of lizards examined was less than one-third total sample from southern california, yet the prevalence of P. mexicanum was 16% of 288 S. occidentalis, the only saurian species examined. Hemogregarines were present in the southern california community, but were not found in the northern california sample, despite their recorded presence in the study areas by other workers. the only other areas in which hemogregarines were found in greater prevalence than plasmodiids were Venezuela and Pakistan, but the latter were present in both.
Plasmodiid parasites of the genera Plasmodium, Fallisia, and Saurocytozoon have not been described from lizards of mainland southern Asia, although several species of Haemocystidium are known from geckoes and agamids. the rock agama, Laudakia caucasia Eichwald (sauria: Agamidae) is host to undescribed species of Plasmodium and Saurocytozoon in western Pakistan, and to Plasmodium and Haemocystidium grahami shortt, 1922 in Azerbaijan. their description below closes a gap in our knowledge of their distribution.
MATERIALS AND METHODS
A series of Laudakia caucasia were collected by the author in western Baluchistan in 1975 Baluchistan in -1976 . initial screening recorded the presence of hemogregarines and hemococcidia, and indicated a possible Haemocystidium infection in three lizards. After 35 years, the slides were re-examined while cataloging them and Plasmodium infections were found in several lizards, and Saurocytozoon in one. several slides from Azerbaijan from the same host species, sent to the author in the early 1990's, were found to have Plasmodium and Haemocystidium infections present.
After capture by noose, lizards were maintained for short periods of time on a diet of small arthropods. Blood samples, obtained by toe clipping and placed upon slides, were fixed with absolute methanol, then stained for 1 hr by giemsa in a 1 : 10 dilution at pH 7.0. slides were screened at 400×, studied, measured, and photographed at 1 000× under oil immersion. taxonomic characters were those used by telford (1988) . All measurements, obtained by a calibrated ocular micrometer, are in micrometres (µm) with means and sD followed by ranges in parentheses, or in the case of lW (length × maximum width) values, µm 2 . comparisons were done by one-way ANoVA on transformed data (log x + 1) with significance P < 0.05. Differences noted below (smaller, larger, greater, less, etc.) were statistically significant; the term 'similar to' indicates that significant differences were not present. Pigment presence was determined by refraction under polarized light in all parasites measured.
RESULTS
Plasmodium caucasica sp. n.
Figs. 1-28
Asexual stages: Uninucleate parasites rounded to ovoid, 4-6 by 3.5-4, pigmented, with prominent central vacuole usually present. Nuclear division evident at 5 by 3, 4 nuclei present commonly at 5-7 by 3.5-4.5, and 8 nuclei at 5 by 4, but size varies at onset of merogony, 3-4 nuclei observed at 16-18 by 3-4. Mature meronts (Figs. 1-6 ) 16.5 ± 2.2 by 12.7 ± 2.1 (11-21 by 8-17, n = 25), and contain 47.2 ± 8.9 (32-67) tightly packed merozoites. Host cells erythrocytes, almost all distorted (92%), seldom with distorted or displaced nuclei (16%). Meronts usually fill host cells, but immature meronts may lie lateral (20%), lateropolar (16%), or polar (4%) to the erythrocyte nucleus, when not filling the host cell. Host erythrocytes broader in width but not significantly enlarged in lW compared to uninfected erythrocytes, their nuclei not different in dimensions. Pigment granules small, dark, not clustered as mass.
Gametocytes: immature gametocytes ovoid to elongate. Mature gametocytes typically elongate (92%), occasionally ovoid, 9.9 ± 2.1 by 4.0 ± 0.9 (6-14 by 2.5-6, n = 25), lW 39.4 ± 10.6 µm 2 (21-55), l/W 2.58 ± 0.78 (1-4). Macrogametocytes (Figs. 7-9) 9.9 ± 3.0 by 4.3 ± 0.5 (6-15 by 3-6, n = 18), with lW 36.6 ± 5.8 µm 2 (24.5-50) and l/W 2.33 ± 0.41 (1.5-3.3), and microgametocytes (Figs. 10-12) 8.9 ± 0.8 by 4.5 ± 0.5 (7-10 by 4-6 n = 25), lW 40.1 ± 4.6 µm 2 (34-51, n = 25), and l/W 1.98 ± 0.32 (1.3-2.5). gametocyte size relative to infected erythrocyte nucleus size 1.63 (1.14-2.16), and to normal erythrocyte nuclei 1.76 (1.12-2.34). small vacuoles present rarely (6%). gametocytes usually lateral (46%) or lateropolar (50%) to host cell nucleus, rarely polar (4%).
All parasitizite erythrocytes, always distort host cell and usually displace its nucleus (81%), but never distort nucleus. length of host erythrocytes lower, but their width greater that of uninfected cells, with no effect upon lW. infected erythrocyte nuclei shorter in length but greater in width and lW than nuclei of uninfected cells. gametocytes sexually dimorphic in size, macrogametocytes longer than microgametocytes with greater lW; width and l/W ratio did not differ. Nuclei of macrogametocytes 2.5-5 by 1-2, elongate or occasionally oval; chromatin diffuse in microgametocytes and nucleoli rarely visible. Pigment granules small, not clumped, dark. deposited, Florida Museum of Natural History, University of Florida, gainesville, Florida (UF 70321). E t y m o l o g y : The specific name reflects that of the host.
Remarks. Laudakia caucasia from Azerbaijan were infected by a Plasmodium species, which is probably P. caucasica (Figs. 13-28) . were 13.5 ± 1.7 by 8.7 ± 1.5 µm (10-16 by 6-12, n = 25), with 26.4 ± 7.3 (12-44) nuclei present in meronts. gametocytes (Figs. 21-28) were 10.1 ± 1.9 by 4.2 ± 0.8 µm (6-14 by 3-6, n = 25), lW 41.5 ± 7.4 µm 2 (31-56), and l/W 2.55 ± 0.86 (1.0-4.0), dimensions and appearance closely similar to gametocytes from the Pakistani hosts. the smaller meronts, with fewer nuclei, parasitized immature erythroid cells, erythroblasts (76%) or proerythrocytes (24%); none were seen in erythrocytes, in comparison to the meronts from Pakistani hosts, which occupied only erythrocytes.
Another infection in S. caucasica from Pakistan was apparently comprised primarily by immature meronts, 12-23 by 4-12 µm, 8-32 merozoites, which also occupied erythrocytes only. the difference in host cell or meront maturity may have contributed to the smaller size of meronts and fewer merozoites in the sample from Azerbaijan. Plasmodium caucasica is unique among saurian malarial parasites in the disproportionate size of meronts to gametocytes, the latter 21-55 µm 2 in size, in comparison to the much larger meronts, averaging 212 µm 2 , which usually fill the host cell.
Saurocytozoon agamidorum sp. n. Figs. 29-36
Gametocytes: 8.2 ± 1.7 by 6.2 ± 0.8 (6.5-13.0 by 5-8, n = 25), lW 56.3 ± 12.5 µm 2 (35-78), l/W ratio 1.34 ± 0.28 (1.00-2.17). Macrogametocytes (Figs. 29-34 ) 7.8 ± 1.7 by 6.1 ± 0.9 (6.5-13, n = 14), lW 47.9 ± 13.8 µm 2 (35-78), l/W ratio 1.30 ± 0.29 (1.00-2.17). Microgametocytes (Figs. 35, 36 ), 8.8 ± 1.7 by 6.4 ± 0.7 (7-12 by 5.5-8, n = 11), lW 56.3 ± 125 µm 2 (42-78), l/W ratio 1.38 ± 0.28 (1.00-1.85). Unpigmented. A single vacuole sometimes present in gametocytes (Fig. 34) . Host cells lymphocytes, greatly distorted by parasite presence, sometimes with a portion of the nucleus in each end of the elongated cell, connected by a narrow band of chromatin (Figs. 35, 36 ). t y p e a n d o n l y h o s t : Laudakia caucasia Eichwald (sauria: Agamidae). t y p e l o c a l i t y : 9 km East of Ziarat, sibi District, Baluchistan Province, Pakistan (30°22'N, 67°44'W). s i t e o f i n f e c t i o n : lymphocytes. P r e v a l e n c e : one of 39 (3%). Remarks. two Saurocytozoon species have been described: Saurocytozoon tupinambi lainson et shaw, 1969 from teiid lizards of Brazil and Venezuela, which parasitizes lymphocytes and occasionally immature erythroid cells, with dimensions 13-17 by 10-16 µm, lW 90-206 µm 2 , and l/W ratio 1.1-1.9, and Saurocytozoon mabuyi lainson, landau et shaw, 1974, which parasitizes lymphocytes and monocytes of the skink Mabuya mabouya (lacépède) in Brazil, with dimensions 11 by 8 µm (lainson and shaw 1969, lainson et al. 1974) .
telford (1983) reported Saurocytozoon parasites in lymphocytes only of Mabuya multifasciata (Kuhl) in thailand and singapore. the dimensions of 7-16 by 6-11 µm, lW 49-160 µm 2 , and l/W ratio of 1.0-2.2, and their appearance did not distinguish them from S. mabuyi, and it was considered to be that species.
Saurocytozoon agamidorum is similar to both other species in dimensions, 6.5-13 by 5-8 µm, lW 35-78 µm 2 , and l/W ratio 1.00-2.17. However, it produces more severe effects upon the morphology of the host lymphocytes and their nuclei, often stretching the nucleus out, resembling two halves of the nucleus connected by a narrow belt of chromatin. other leucocytes of the host lizard, polymorphonuclear leucocytes or neutrophils (Figs. 37-40) , contained inclusions that strongly resembled plasmodiid meronts in various stages of nuclear division. Without further study it is impossible to definitely relate these apparent asexual stages to S. agamidorum, but their appearance in the only lizard host to S. agamidorum gametocytes, in an adequate series from the type locality, is suggestive. Gametocytes: 12.8 ± 2.6 by 6.1 ± 0.9 (8-19.5 by 4-8, n = 25), lW 76.8 ± 10.8 µm 2 (60.5-102), l/W ratio 2.18 ± 0.78 (1.0-4.5). Dimensions similar between sexes: macrogametocytes (Figs. 41-45) 12.1 ± 2.0 by 6.0 ± 1.0 (8-14.5 by 5.5-8, n = 12), lW 75.6 ± 8.5 µm 2 (60.5-84), l/W ratio 1.97 ± 0.48 (1.00-2.64); microgametocytes 13.4 ± 3.1 by 6.0 ± 1.0 (10-19.5 by 4-7.5, n = 13), lW 77.8 ± 12.9 µm 2 (63-102), l/W ratio 2.38 ± 0.96 (1.33-4.50). Both sexes with prominent light golden pigment granules, variably located in cytoplasm, which in some gametocytes form a large, shapeless mass that may nearly cover the gametocyte (Figs. 47-48) .
Merogony: Unknown. Remarks. reports of H. grahami in the literature from agamids in turkmenistan and Uzbekistan (cited by ovezmukhammedov 1987) apparently represent H. papernae telford, 1996 because of the halteridial gametocytes (telford 1996, 2009). telford (2009) attempted to obtain more precise dimensions for the two mature gametocytes of H. grahami shown by shortt (1922), by calculating host uninfected erythrocyte dimensions from L. nupta of Pakistan and comparing them with those present in shortt's figures, which resulted in dimensions greater than those stated by shortt, 22.9 by 15.4 µm and 18.7 by 14.7 µm, vs '12 to 14 microns'. Since Shortt's data are so limited, these calculated dimensions clearly are not reliable. All other described Haemocystidium species have pigment distributed as compact granules of varying sizes but not in large masses nearly covering the gametocyte surface. shortt (1922), however, described the appearance of pigment present in gametocytes in pulmonary blood as "parasites infecting blood cells in the lungs seemed to produce enormous quantities of pigment in abnormally large grains, the pigment frequently almost obliterating the outlines of Willey, 1904) occur in ceylon, and the latter species is recorded from indian geckoes (shortt 1962). seven species of Haemocystidium have been described from india to the Mediterranean (telford 2009), and one species (H. tarentolae (Parrot) 1927) occurs in southern Europe as well as northern Africa. A Plasmodium species was reported to parasitize spanish lizards, probably lacertids, (Alvarez calvo and Milan Jimenez 1974) but its presence and generic identity have not been verified by further published research. its morphological characters remain unknown. it is unlikely that plasmodiid diversity in southern Asia, particularly in xeric areas, will be found similar to that present in the New World, African, and southeast Asian tropics, but the genera of plasmodiids that infect saurians are certainly cosmopolitan in their distribution. 
